The paper describes the application of modern monitoring systems in mini hydropower plants. Nowadays, special 
Introduction
Modern monitoring systems in mechanical installations have a primary goal to timely react in order to prevent damage to mechanical assemblies or complete installations. Monitoring systems available on the market have broad applications: they can be used for internal combustion engines, hydroelectric power plants, thermal power plants, gas turbines, turbine systems in the process industry, reciprocating compressors, shipbuilding industry, cement factories, machine tools and for all other systems with installed slide and roller bearings, gears and other machine elements. The end user is offered a complete solution for monitoring mechanical systems without dismantling, and only in some installations partial disassembling is necessary in order to install a monitoring system (Žegarac, 1993) . Monitoring systems allow fast and reliable measurement of the size of the gap in sliding and rolling bearings, measurement of vibration parameters and powerful vibration analyses as well as the measurement of speed, measurement of temperature of lubricating oils and coolants, lubricating oil analysis, and the positioning of the upper dead point in internal combustion engines. Since they are multichannel systems, a large number of diagnostic parameters can be monitored and measured.
The Electrical Industry Montenegro (EPCG) was offered two conceptions of monitoring systems (Žegarac, 2005a) , (Žegarac, 2005b ):
1. ON-line monitoring systems for continuous measurement and technical condition analyses. Measuring sensors (encoders) and measuring systems are installed into mechanical installations.
2. OFF-line monitoring systems are intended for periodic evaluation and analyses of the technical condition of machinery. Some sensors are permanently built into systems, depending on measured values, while other sensors are built into monitoring system portable parts for periodic measurements.
ON-line monitoring systems were chosen as a better solution.
The concept and definition of mini hydropower plants Literature offers many definitions of small hydropower plants (SHPs). It is very difficult to find two countries with identical classification systems. The basic parameters that should be used in the classification of SHPs include (Žegarac, 2005b) : -Installed power of hydro units, -Aggregate type in relation to the turbine, and the method of operation, -Rpm (revolution per minute), -Operation in relation to the overall energy system -Installed head, etc. Depending on turbine power, there are micro turbines (power up to 100 KW), mini turbine power systems up to 1 MW and small or mediumsized turbines up to 10 MW. Also, regarding available power and head, there are the following SHPs types (Table 1) . The MHPs division according to available head is accepted in most countries which define equipment in accordance with the installed head. So, for example, a number of manufacturers of electro-mechanical equipment in the United States produce standardized aggregates that include a turbine, synchronous generator with an automatic control system, inlet valves, and a control panel for a maximum head of 15 m and a power of 10 to 5000 KW. 
Advantages and disadvantages of MHPs
The advantages of building MHPs in relation to the construction of other energy sources are numerous:
-Compared to large hydropower plants, there is neither flooding of wide areas (in order to provide space for water accumulation) nor disrupting of local ecological systems, -They can provide land irrigation, water supply to surrounding villages, construction of ponds and flood protection, -They reduce investments for electrification of remote settlements from the general electricity grid so that the electrification of these rural settlements can contribute to their development, -They are exploited with very low material costs, -Their operation life is very long, practically unlimited; the average life is 30 years, although there have been MHPs in operation for 80 years.
As energy sources, mini hydropower plants, compared to other similar sources, have drawbacks such as:
-High investment costs per installed KW, -High research costs relative to total investment, -Exploitation depends on existing resources, -They require an integrated water supply system solution, where systems for water supply and irrigation have priority; therefore, MHPs must work with installed flow determined with respect to other consumers, -If they operate autonomously, production of electric power depends on consumption, so the surplus remains unused.
Design and implementation of modern monitoring systems in mini hydropower plants
The requests to implement modern monitoring systems in mini hydropower plants within the Electrical Industry Montenegro (EPCG) were justified (Žegarac, Zuber, 2002 (Žegarac, Zuber, , 2004 (Žegarac, Zuber, , 2005 ).
An ON-line monitoring system was selected for the implementation (Žegarac, 2005) .
The delivery and installation of the monitoring system equipment and devices were carried out by renowned international companies:
1. 01dB -Metravib, a member of the AREVA corporation, Lyon, France -equipment and software for noise and vibration, 2. Damalini AB, Sweden -laser alignment systems and laser geometric measurement systems, 3. Metrix USA, Low -cost systems for monitoring and protection of rotating systems, 4. CTC, USA -accelerometers and velocimeters with a lifetime warranty! 5. Guide InfraRed, China -thermal imaging cameras and monitoring systems, 6. VMI AB -Systems for dynamic balancing, 7. Technical Development Center (TRCpro) -Novi Sad, exclusive agent of the given companies.
The system of the permanent monitoring of temperature and vibrations in the MHP Šavnik A modern monitoring system for two hydro units in the MHP Šavnik was designed. The hydro units are in the same room. The power of each aggregate is 100 KVA.
The monitoring system consists of: -TRC PLC-based system, -purpose-designed solution Areva 01dB-Metravib: MVX Oneprod in the eight-channel variant and Vio software.
The TRCpro PLC-based system for monitoring the state of turbines based on the RMS level of vibrations and temperature.
Description of the system
The system for protecting turbines from failure and damage is based on the measurement and monitoring of a large number of mechanical parameters of the plant. The measured and monitored values are the following ones:
-level of vibrations on the bearings (Vrms) -temperature of the critical pump bearings, -turbine speed, -output electrical parameters of the generator. These parameters directly or indirectly help in detecting irregularities in operation and in protecting plants from more possible errors. The protection system is designed to:
-prevent overheating of the turbine bearings and their damage, -detect turbine rotor imbalance and prevent operation in conditions of high vibration levels. The Oneprod MVX protection system and Vio software for condition monitoring and turbine protection based on the RMS level of vibrations and temperature. The Oneprod-MVP is a modular monitoring system in 8, 16, 24 and 32-channel versions, shown in Fig. 1 . Its superior possibility of simultaneous acquisition on all channels, combined with the programming of different operating modes and defining of alert thresholds for each operating mode make the system an extremely powerful solution for monitoring and on-line diagnostics of all complex rotating machines.
Description of the designed system
The Oneprod-MVX allows acceptance of all types of vibration sensors (accelerometers, velocity sensors, proximity probes for monitoring relative vibrations in the hydrodynamic sliding bearings) as well as the process inputs. The Oneprod-MVX includes a large number of different onboard (analysis in the measuring system itself -neither download to a PC is required nor postprocessing calculations of vibration parameters) processing procedures applicable through various techniques of monitoring and technical diagnostics of rolling and sliding bearings: summary levels (RMS, Peak, Peak to Peak), narrowband parameters (Narrow Band), broadband parameters (Broad Band), Kurtosis parameter, Defect factor of bearings, Smax, frequency spectra, time records, zoomed spectra, and envelop spectra. The recorder module enables recording long signals for a subsequent analysis of the harmonic lines (recording turbine starting and deceleration) of the installed system (shown in Fig. 2) . The configuration of the Oneprod-MVP system is performed on-site or remotely (from the control room or by using the Internet) using the included Oneprod CSM software. For realtime displays of all active channels and all defined parameters on channels, the Oneprod-MVX system uses Oneprod-XPR (Advanced vibro diagnostic) or Oneprod-VIO (Viewer) software. The communication of the Oneprod-MVX system with a control PC or PLC is carried out via RS485 or the Ethernet.
Options for extending the monitoring system
After installing the Oneprod-MVX system, the existing turbine monitoring can be expanded by including the following measurement values (Table 3) :
-Measurement of output electrical parameters of the generator, -Turbine speed, -Additional channels for measuring vibrations and temperature, -Measurement of water flow to the turbine of the mini hydropower plant, -Measurement and regulation of water flow at the hydropower plant dam -a new technical solution (Žegarac, 2004) -Extension with advanced software and remote monitoring. A joint monitoring system for two mini hydropower plants in the MHP Šavnik is given in Fig. 3 . 
Labels for the measuring directions: RH -horizontal, RV -vertical, AX -axial
The designed monitoring system includes the measurement of vibrations, temperature, operating parameters and output electric parameters of the generator. The limit values of diagnostic parameters are selected and new and classical diagnostic methods are applied (Žegarac,1989) . The monitoring system allows continuous monitoring and measurement of diagnostic values, extremely large memory of measured values as ell as wide possibilities of processing and analysing parameters.
The installation of devices and the equipment, final testing and commissioning of the operational work under the supervision of the designer were done by the TRCpro -Novi Sad.
Due to the volume of the measurement results, the paper shows only some values of the measured diagnostic parameters as well as the vibration parameters at characteristic measurement points (vibrations on the multiplier bearings). In the spreadsheets, high levels of vibration parameters are displayed and marked in yellow and red. Table 4 presents the measured values of the vibration parameters of measuring point 5, the direction RV (bearing on the output shaft of the multiplier, on the side of the flywheel) while Table 5 shows the results for measuring point 7, direction RV (bearing on the multiplier drive shaft on the side next to the turbine). Fig. 6 is a graphical display of the frequency spectrum at measuring point 5, in the directions RH, RV, AX, on the output shaft bearing, side to the flywheel, where high vibration levels can be noticed. Based on the measurement and the analysis of the measurement results, registered by the monitoring system, the following was determined:
The general condition of both mini hydropower plants at the location Šavnik, from the point of reference of ISO Standard 10816 and ISO Standard 2370, can be assessed as good or acceptable. On the flywheel bearings, points 3 and 4, vibrations after reaching the operating temperature of the bearings are within acceptable limits. The levels of summary acceleration in the middle-frequency domain are elevated, but due to increased vibrations on the multiplier, they are further transmitted to the flywheel bearings. For the multiplier bearings, measuring points 5 and 6 (the output shaft) and measuring points 7 and 8 (the drive shaft), vibration levels are elevated as well as summary acceleration in the medium-frequency domain. Frequency spectra of vibrations on the multiplier bearings indicate the presence of problems in the gears, most likely due to their wear. For a definite confirmation of this claim, it is necessary to provide information on the number of teeth on the gears for a more precise diagnosis.
The monitoring system indicates that there is no need for balancing rotating masses (Žegarac, Ličen, Zuber, 1999) ; however, due to increased levels of vibrations on the multiplier, it is necessary to plan the overhaul of the mechanical assembly.
Conclusion
Nowadays, great attention is paid to the construction of new mini hydropower plants. The paper presents the application of a modern monitoring system on the mini hydropower plants in the system of the Electrical Industry Montenegro. Regardless of the fact that these systems were installed long time ago and that they have been in use for many years, it was fully justified to carry out the modernization of these mini hydropower plants. Mini hydropower plants have an important role in the production of electricity and are networked in the electricity system. The design and construction of mini hydroelectric power plants up to 700 KW is very similar. These are hydro machines of horizontal construction and installation. In all assemblies of hydro units, there are built-in roller bearings. If power of mini hydropower plants exceeds the value of 1000 KW, the construction of such systems is in a vertical version. Embedding assemblies in such hydropower plants is performed on sliding bearings. In this case, a patented system for the diagnostics of sliding bearings is applied as well as a new technical solution for measuring and controlling the flow of water at the hydropower dam. Modern monitoring systems presented in this work are fully applicable to the systems of mini hydropower plants of higher power. On the territory of the Republic of Serbia, there is a larger number of mini hydroelectric power plants in private ownership. It is expected that, in the near future, modern monitoring systems could be applied in them. The paper presents some examples of the application of modern monitoring systems. The function of controlling the technical correctness of such systems as well as of their overhaul is provided.The existing systems, installed in the 70s, do not have a possibility of remote control. Malfunction alert is done by light or sound signaling -ALARM system. The MHP control system is of a manual type. A great advantage of modern monitoring systems is that operators in hydropower plants can react in time and prevent damage to the system in advance if they receive signals on major defects or failure occurrence. 
